Introduction
High blood pressure is one of the leading causes of the global burden of disease, most of which occurs in developing countries (1) . Control of hypertension should be an important strategy for reducing the incidence of premature death (2) . However, recently issued guidelines, such as the VIIth Report of the Joint National Committee (JNC) (3) and the European Society of Cardiology and European Society of Hypertension Guidelines (4), have generated widespread and continuing controversy about the classification of blood pressure levels and corresponding strategies for intervention. An understanding of the natural variance of blood pressure over time in individuals, its progression into clinical hypertension, and its regression to normal levels would aid in formulating strate-gies for identification, evaluation, intervention (treatment and prevention), and follow-up. But there is little evidence that is directly toward such an understanding, and all studies reported thus far have studied only blood pressure progression (5) (6) (7) (8) (9) (10) (11) . In the present paper, we analyzed the natural changes in blood pressure status, either progression from normal and pre-hypertension to hypertension or regression from stage 1 or 2 hypertension to non-hypertension, in a middleaged Chinese population, in order to provide evidence from a different angle for the formulation of intervention strategies.
Methods

Participants and Methods
The China Multi-center Collaborative Study of Cardiovascular Epidemiology (China MUCA) was initiated in 1982 and included 3 major components: population disease surveillance of cardiovascular disease morbidity and mortality, population sampling surveys of cardiovascular disease risk factors, and cohort reexamination of cardiovascular outcomes to identify the major risk factors among Chinese. The design and survey methods of this study have been described in detail previously (12, 13) . In 1998, the fourth survey of cardiovascular risk factors was conducted in 14 populations selected on the basis of geographical location and urbanization. One-thousand participants (500 men and 500 women, 35-59 years of age) were drawn from each population using cluster random sampling. A total of 15,395 participants took part in the survey. The response rate was 85%. In 2004, the same method was applied to conduct the fifth survey of cardiovascular risk factors. Participants in 10 of the 14 study populations were invited to come back for a reexamination. The other 4 populations could not be included in the reexamination, due to funding constraints and the retirement of local investigators, thus reducing the total number of participants who could be invited for reexamination to 10,439. A total of 6,129 participants took part in the reexamination; the revisit rate was 58.7%. In the present study, we analyzed data from only those participants who took part in both surveys.
We used international standard methods (12, 14) and followed a common protocol at both baseline and reexamination. Key investigators from each local center, including trainers, quality control persons, and data input technicians, were trained and certified centrally according to a uniform protocol and operation manual. All staff were trained by the trainers and certified within 2 weeks before data collection.
The surveys were approved by the Ethics Committee of the Cardiovascular Institute and Fu Wai Hospital, Beijing. All participants were provided a written description of the study, and in turn provided their informed consent at both baseline and reexamination.
Measurement and Classification of Blood Pressure
Blood pressure was measured between 8:00 and 11:00 AM by trained investigators using standard mercury sphygmomanometers at each local center at baseline and reexamination, both of which were conducted in the autumn. Three cuffs were used according to the participant's upper arm circumference, at least 80% which the bladder must cover but without any overlap. The cuff sizes were the standard, 12 × 26 cm; large, 14 × 40 cm; and small, 12 × 18 cm. The sphygmomanometer was kept at heart level during measurement. Three blood pressure measurements were obtained with the participant in the seated position after 5 min of rest. All participants were asked to take off heavy coats and were advised to avoid cigarettes, alcohol, caffeinated beverages, and physical exercise for at least 30 min before measurement. The average of these three readings was used for placement of participants into blood pressure categories: normal (systolic blood pressure [SBP] < 120 mmHg and diastolic blood pressure [DBP] < 80 mmHg), pre-hypertension (SBP 120-139 mmHg and/or DBP 80-89 mmHg), stage 1 hypertension (SBP 140-159 mmHg and/or DBP 90-99 mmHg), and stage 2 hypertension (SBP ≥ 160 mmHg and/or DBP ≥ 100 mmHg), according to JNC 7 (3). If SBP and DBP readings belonged to different categories, the participant was placed in the higher category. Further, if the participants were taking medication at baseline or reexamination, the BP category was upgraded by one, as follows: stage 2 hypertension stayed in the same rank, stage 1 hypertension moved to stage 2, and the rest moved to stage 1. The same method was applied to baseline and reexamination. If the participants were not taking medication during either survey, the BP category was unchanged, i.e., they remained the JNC 7 categories.
Other Measurements
Height and weight were measured without heavy clothing and shoes. Height was measured to an accuracy of 0.5 cm by a fixed vertical ruler with the participant standing straight up, and weight was measured to an accuracy of 0.1 kg with the use of a spring balance calibrated daily with standard weights. Body mass index (BMI) was calculated as weight in kg divided by height square m (kg/m 2 ). Weight change was defined by the difference between baseline weight and weight at reexamination 6 years later. Weight change was classified into 3 categories: loss (< −2 kg), maintenance (−2 to 2 kg) and gain (≥ 2 kg). Alcohol drinking was defined as drinking at least once per week, and this information was collected on a questionnaire during the interviews. Smoking was defined as smoking at least one cigarette a day for at least 1 year continuously. Exercise was defined as exercising at least three times per week.
Statistical Methods
All data were entered twice into a computer by two persons at local centers using centrally provided software. The diskettes were then shipped to a coordinating center for further data management and statistical analysis. We constructed transition matrices in which each participant's blood pressure category at the reexamination was cross-tabulated by his or her blood pressure category at baseline to evaluate the possibility of progression to a higher category or regression to a lower one for men and women separately, after adjustment for age. To further estimate the odds of progression and regression, we combined men and women and adjusted for age in corresponding models.
In this paper, we defined progression as a change in blood pressure status from normal or pre-hypertension to hypertension, and regression as a change from stage 1 or 2 hypertension to non-hypertension. We used logistic regression analysis to model the risk of progression in pre-hypertension in comparison with normal blood pressure, as well as the probability of regression in stage 2 hypertension in comparison with stage 1 hypertension, adjusting for sex, age, and baseline BMI and alcohol drinking. The effects of changes in weight and alcohol drinking on progression and regression were analyzed using the same model. The Mantel-Haenszel test for linear trends was used to observe the trends among weight loss, maintenance, and gain groups.
To understand the possible effects of medication use on our findings, we did the same analyses separately in all study participants and in those without medication use at both surveys, as a test of sensitivity.
All analysis was performed with the SPSS 11.5 statistical 
Results
Characteristics of Participants
A total of 864 participants took antihypertensive drugs in the 2 weeks prior to the baseline examination and/or the reexamination, including 51 only at baseline, 593 only at reexamination, and 220 at both. The characteristics of the participants at baseline and reexamination are shown in Table 1 , by status of antihypertension medication use and whether or not reexamination occurred. There were no differences between participants who underwent reexamination and those who did not, with regard to SBP, DBP, body weight, and prevalence of hypertension, alcohol drinking, cigarette smoking, and exercise. However, participants in the reexamination had a higher mean age and BMI, and a higher proportion were women. In comparison with those having used medication, participants without medication use were significantly younger and had lower SBP, DBP, body weight, BMI, prevalence of hypertension, and prevalence of alcohol drinking and exercise. In comparison with data at baseline, data at reexamination showed an increase in SBP in all groups except those taking medication at both examinations, among whom mean SBP decreased significantly during the 6 years. DBP decreased in all groups except for those not taking medication at both examinations. Among those taking medication only at baseline, 39.2% had blood pressure below 140/90 mmHg; among those taking medication at both examinations, the proportion of stage 2 hypertension decreased significantly, from about 80% to 67%; however, the prevalence of hypertension increased significantly for those not taking medication at either examination. BMI and alcohol drinking varied little between the examinations.
Progression from Normal and Pre-Hypertension to Hypertension in All Participants
Among all participants, including those taking medication at either examination, the probability of progression to hypertension 6 years later was only 9% for those with normal blood pressure at baseline and 32% for those with pre-hypertension; the majority remained normal or pre-hypertensive (Table 2) . There was no significant difference between men and women (p> 0.05).
In comparison with those with normal blood pressure at baseline, those with pre-hypertension had 4.9-fold the risk of 
Regression from Stage 1 and Stage 2 Hypertension to Non-Hypertension in All Participants
For the stage 1 hypertension group, the majority either remained at stage 1 (37%) or regressed to a lower category (29%), and about one-third progressed to stage 2 hypertension 6 years later. For the stage 2 hypertension group, the majority (about 91%) stayed as hypertensive (either stage 2 or stage 1), and less than 10% regressed to non-hypertension. However, the possibility of regression to non-hypertension was higher for women than men (p< 0.05) ( Table 2 ). Compared with stage 1 hypertension, the OR of regression to non-hypertension from stage 2 hypertension was only 0.2 (95% CI: 0.1-0.3). Multiple logistic regression analysis adjusting for age, sex, BMI, alcohol drinking, and changes in BMI and alcohol drinking did not change the OR at all (Fig. 1) .
Effects of Weight Loss on Progression and Regression
The percentage of progression varied by weight change status (data not shown), and the multi-variable adjusted ORs of progression were 8.5, 5.6, and 4.6 (p< 0.05 for linear trend) whereas those of regression were 0.2, 0.3, and 0.3 (p< 0.05 for linear trend) in the weight gain, maintenance, and loss groups, respectively (Fig. 1) .
Effects of Change in Alcohol Drinking on Progression and Regression
The percentage of progression varies by alcohol drinking status (data not shown). The multi-variable adjusted ORs of progression were 5.2 and 4.3 in drinkers and nondrinkers (p< 0.05), but those of regression were not significantly different between drinkers (OR= 0.2) and nondrinkers (OR= 0.2) (p> 0.05) (Fig. 1) .
Test of Sensitivity
Exclusion of participants receiving drug treatment at either examination lowered the progression rate slightly. However, 40.4% regressed to non-hypertension for stage 1 hypertension and about 24% for stage 2 hypertension, instead of 28.9% and 8.6%, respectively, for all participants (Table 2 ). Similar trends were found when unadjusted and adjusted ORs were computed. In fact, the ORs of regression doubled in all analyses after we excluded participants taking medication (Fig. 1) .
Discussion
As in most populations in the world, in this Chinese population blood pressure increased over time as the population aged, where SBP increased 4 mmHg and DBP increased 2 mmHg on average over 6 years. However, the risk of progression to hypertension and the probability of regression to non-
Fig. 1. ORs and 95% confidence intervals for the probability of regression from hypertension to non-hypertension and of progression from non-hypertension to hypertension in the studied Chinese population.
hypertension both differed by baseline blood pressure level. This phenomenon may help elucidate the needs of different strategies in the prevention and control of hypertension according to blood pressure level.
In this study, only 9% of participants with normal blood pressure at baseline progressed to hypertension 6 years later. In comparison, the risk of progression for those with prehypertension was more than 4-fold higher, although the majority remained non-hypertensive. On the other hand, only 9% of participants with stage 2 regressed to non-hypertension. In comparison, the probability of regression for those with stage 1 was about 5-fold, although a majority remained at stage 1 or progressed to stage 2. These findings support the strategy of intensively treating stage 2 and moderately treating stage 1. Persons with pre-hypertension should be monitored for progression and advice on lifestyle modification may need to be given to these persons.
It is anticipated that analysis excluding participants with drug treatment may underestimate the risk of progression and overestimate the probability of regression. However, our study showed that excluding those with drug treatment slightly affected the risk of progression and dramatically affected the probability of regression. This was due simply to the very large number of non-hypertensive participants as a denominator for the risk of progression and to the relatively small number of hypertensives as a denominator for the probability of regression, while all drug users were defined as hypertensives. Because the aim of this paper was to define appropriate intervention strategies, which are assumed to be initiated for new cases that should not have been taking any medication, we believe data from those without medication better reflected the true probability of regression. If so, the probability of regression in stage 1 hypertension was actually only twice that for stage 2 hypertension, rather than 5 times. This suggests that intervention at stage 1 should be much more intensive than that for pre-hypertension.
Our findings that most participants with pre-hypertension either remained at the same rank (44.5%) or remitted to normal blood pressure (23.5%) (leaving 32% who developed hypertension) are quite similar to the results of previous reports in Asians (9, 10) , but are not compatible with findings on North American and European populations (6, 7, 11) , in which a higher rate of progression to hypertension and a lower rate of remaining at high normal blood pressure were reported. The difference between Asians and North Americans/Europeans may result from higher BMI in the latter than in the former. This hypothesis is supported at least partly by our findings that participants who gained weight during the 6 years between examinations had a much higher probability of progression than those who had lost or maintained weight.
In addition, we found alcohol drinking increased the probability of progression to hypertension. This, plus the findings on the effects of weight loss on progression and regression, suggested that lifestyle modifications should been initiated, although drug treatment could prevent or delay the onset of hypertension in pre-hypertensive participants (15) . The clinical effects of therapeutic lifestyle changes are definitive in reducing blood pressure (16) (17) (18) , and are the same as medication. Clinically significant long-term reductions in blood pressure and reduced risk for hypertension can be achieved with even modest weight loss (19) . Combinations of two (or more) lifestyle modifications can achieve even better results (20) . Failure to prescribe lifestyle modifications may result in inadequate blood pressure control (3).
Until now, few studies (6, 11) have explored the regression of hypertension, and none of them have differentiated stage 1 hypertension from stage 2. In the present study, we found that a majority of hypertensive participants (stages 1 and 2) still had hypertension 6 years later. Furthermore, stage 1 participants had about twice the probability of regression to nonhypertension than stage 2 participants, after exclusion of the participants taking medication. This suggested we should treat stage 1 and stage 2 with different strategies. It has been reported that patients with mild hypertension often would withdraw from a regimen not because of immediate, severe side effects, but because of the accumulation of low-grade quality of life effects over time (21) . Weight loss increased the possibility of regression to non-hypertension in stage 1 participants by about 40% 6 years later in our study. Therefore, patients at low and medium risk (stage 1) should be followed up, and nonpharmacological treatment should be adequately given. Pharmaceutical treatment should only follow after that. Very few individuals with stage 2 hypertension regressed to non-hypertension without any treatment during the 6 years. Thus, active drug treatment should be initiated once it has been identified.
The major limitation of this study is the lower response rate for reexamination. However, this should not induce significant bias on our findings, since there was no significant difference in baseline SBP, DBP, or prevalence of hypertension between responders and non-responders. A second limitation is that occasional blood pressure was used in our analysis. This may induce misclassification to some extent because of hour-to-hour and day-to-day variations in blood pressure. Such misclassification could not be totally eliminated in our study, although we used a standard procedure for blood pressure measurement and the average of 3 readings. A better study with multiple blood pressure measurements on different days-or, better, weeks-should be done to eliminate this kind of misclassification. Lastly, the effect of antihypertensive medication use on blood pressure may induce misclassification too. To minimize the influence, the categories of blood pressure were upgraded by a category in our analysis if the participants were taking medication. Moreover, we repeated all analyses in participants not taking medication in order to test the sensitivity of our findings on medication use. The results suggested that medication use had little effect on progression but a significant effect on regression. However, we believe that data on regression in participants not taking medication are more real. In addition, although the duration of the current study was relatively short (6 years), the sample size (n= 6,129) was large enough to reliably test blood pressure changes.
To summarize, our findings clearly showed that a majority of participants among respondents of this study remained in their original blood pressure category, although progression and regression also took place. Weight loss and avoiding alcohol could help to reduce the risk of progression and increase the probability of regression. These results were similar in all participants and in participants without medication use. The present study provided additional evidence for determining appropriate intervention strategies in hypertension prevention and control.
